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(54) Polymer electrolyte fuel cell stack 



(57) Disclosed is a polymer electrolyte fuel cell in- 
cluding improved separators that cause no mixing of a 
fuel gas and an oxidant gas. The polymer electrolyte fuel 
cell comprises a plurality of membrane electrode as- 
semblies and a plurality of conductive separators, 
wherein the plurality of conductive separators comprise 
at least one separator (1 0) comprising: a fuel gas inlet- 
side manifold aperture (1 2a); a fuel gas outlet-side man- 
ifold aperture (12b); a gas flow channel (24) for fuel gas 



formed on an anode-side of the separator; an inlet-side 
through hole (25a) and an outlet-side through hole (25b) 
penetrating the separator which are formed at an inlet- 
side end and an outlet-side end of the gas flow channel 
for fuel gas; and an inlet-side connection groove and an 
outlet-side connection groove for connecting the inlet- 
side and outlet-side through holes with the fuel gas inlet- 
side manifold aperture and the fuel gas outlet-side man- 
ifold aperture, respectively, which are formed on a cath- 
ode-side of the separator. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a fuel cell comprising a solid polymer electrolyte used for portable power 
sources electric vehicle power sources, domestic cogeneration systems, etc. 

K5T JSSlSSSlng a solid polymer electrolyte generates electric power and heat *^neo^ *yJ»*- 
Kmi^eSing a fuel gas containing hydrogen and an oxidant gas containing oxygen such as a.r. Th.s t uel eel 
s bSy composed of a polymer electrolyte membrane for selectively transporting hydrogen ions and a > p* 

3 fo3on both surfaces of the polymer e.ectrolyte membrane. The electrode usuaHy ™P"**«^ 
fay?r whtehisTomposed mainly of carbon particles carrying a platinum group metal ^f^J^*? " lM * 
has both aas permeability and electronic conductivity and is formed on the outer surface of the catalyst layer. 
foo031 Moreover gaskets or gas sealing materials are arranged on the outer periphery of the electrodes w,th the 
51 membrane therebetween so as to prevent a fuel gas and an oxidant gas from .eaking out or preven 
th^s^o Sci of gases from mixing together. The gaskets are combined integrity with the electrodes and polymer 
electrode membrane beforehand. This is called "ME A" (membrane electrode assembly). Deposed outs.de the MEA 
a e cSctTve separators for mechanically securing the MEA and for connecting adjacent ^•^^ 
The separators have a gas flow channel for supplying a reaction gas to the electrode surface and for removing a 
oene^edosB and an excess gas at a portion to come in contact with the MEA. Although the gas flow channel may 
Z ^e^e^ Z™ the separators, grooves are usuaiiy formed on the surfaces of the separators to serve as 

ioM? f TorlTtotupply the gas to such grooves, it is necessary to use a piping jig, called "manKo.d", which branches 
LutdlpenC; then^erofthesepaLra, into the grooves o^ 

Th s type of manifold, directly connecting the gas supply pipe to the grooves of the separators, is specrf cal caHed 
"elHrnan^^^^ 

ln*e internal manifold the separators with the gas flow channel formed thereon are provided wrth through ho es 
calied Cntld aperture", which are connected to the inlet and outlet of the gas flow channel, and the gas ,s suppl.ed 

ES TnTZZTceT 9 Z*Ls heat during operation, it needs coding w«h cooling water or the .ike to keep 
LoodtUelSu^ 

ml separators for every one to three cells, and the cooling section is often formed by providing the backs.de of the 
sepXr wfth a cooTng water flow channel. In a general structure of the fuel cel., the MEAs separators and coolrng 
sSons aTdescribed above, are alternately stacked to form a stack of 1 0 to 200 cells, and the resuttant 
sanShed by end plates with a current collector plate and an insulating plate interposed between the cell stack and 
each end olate and is clamped with clamping bolts from both sides. . inMn ^ ce 
In such a polymer electrolyte fuel cel., the separators need to have a high conduct^, h.gh gas t^htness 
and h gh corrosion resistance to oxidation/reduction reactions of hydrogen/oxygen. For such 
Separators are usually formed from carbon materials such as graphite ^T^Zt^JT 
is formed by cutting the surface of the separator or by molding in the case of expanded graphUe separator. 
0007? The fie. cell produced in the above-described manner is supplied with the fuel gas, oxidant gas and coohng 
water to examine the performance of the fuel cell or of a unit cel. of the fuel cell. 

pooi ThTprror art'fue. ce... comprising the ce.. stack in which the MEA is disposed between ^"-ntiona 
conductive separators poses a large problem resulting from the separators. Specifically, in such a fuel cell the gasket 
anang Ton tne per^ry of the M^is pressed to fall into the gas flow channel of one of the £,< ""^^ 
?L rtam D ina oressure of the fuel cell, thereby to form a clearance between the gasket of the MEA and the other 
separa^^^^ 

Through Ihe ctearance, two kinds of gases mix with each other, resulting in deterioration of cel. performance. Also, the 
mixing of the gasses may cause explosion or firing, thus inviting dangerous srtuations. 

BRIEF SUMMARY OF THE INVENTION 

[0009] In view of the above problem of the prior art fuel cell, an aspect of the present invention is to provide a polymer 
electrolyte fuel cell free from mixing of two kinds of gases by improving separators. 

[iSo] Another aspect of the invention is to provide an improved separator that causes no m-x.ng of two k.nds of 

^11? The present invention is characterized in that in a conductive separator, the position at which th m, end of a 
aas flow channel is connected with a manifold aperture is changed in order to prevent mixing of the gases. Therefore^ 
even 7. gasket is pressed down toward the gas flow channel of the separator to form a Cearance .n the contacting 




portion of the gasket of an ME A and the separator in the vicinity of the manifold aperture in which a gas flows, the 
same kind of gas as the gas of the manifniH aperture flows through the clearance, so that the mixing of the two kinds 
of gases does not occur in the present invention. 

[0012] The present invention provides a polymer electrolyte fuel cell comprising: 

5 

a fuel cell stack comprising a plurality of conductive separators and a plurality of membrane electrode assemblies 
that are stacked with one of the conductive separators interposed therebetween, each of the membrane electrode 
assemblies comprising a polymer electrolyte membrane, and an anode and a cathode sandwiching the polymer 
electrolyte membrane; 
10 a means for supplying a fuel gas to the anode; and 

a means for supplying an oxidant gas to the cathode, 

wherein the plurality of conductive separators comprise at least one separator comprising: a fuel gas inlet-side 
manifold aperture; a fuel gas outlet-side manifold aperture; a gas flow channel for supplying the fuel gas to the anode 

'5 which is formed on an anode-side of the separator; an inlet-side through hole and an outlet-side through hole penetrating 
the separator which are formed at an inlet-side end and an outlet-side end of the gas flow channel for fuel gas; and 
an inlet-side connection groove and an outlet-side connection groove for connecting the inlet-side and outlet-side 
through holes with the fuel gas inlet-side manifold aperture and the fuel gas outlet-side manifold aperture, respectively, 
which are formed on a cathode-side of the separator. 

20 [001 3] It is preferable that the membrane electrode assembly further comprises a gasket covering an outer periphery 
of the anode and the cathode and that the gasket comprises a fuel gas inlet-side manifold aperture and a fuel gas 
outlet-side manifold aperture. 

[0014] While the novel features of the invention are set forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and appreciated, along with other objects and features thereof, 
25 from the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 



[0015] 

30 

FIG. 1 is a front view illustrating a membrane electrode assembly of a fuel cell in one embodiment of the present 
invention. 

FIG. 2 is a front view illustrating a cathode-side of a conductive separator of a fuel cell in Embodiment 1 of the 
present invention. 

35 FIG. 3 is a front view illustrating an anode-side of the conductive separator as shown in FIG. 2. 

FIG. 4 is a front view illustrating a cathode-side of a cathode-side conductive separator member of the fuel cell in 
Embodiment 1 of the present invention. 

FIG. 5 is a front view illustrating the backside of the cathode-side conductive separator member as shown in FIG. 4. 
FIG. 6 is a front view illustrating the backside of an anode-side conductive separator member of the fuel cell in 
40 Embodiment 1 of the present invention. 

FIG. 7 Is a front view illustrating an anode-side of the anode-side conductive separator member as shown in FIG. 6. 
FIG. 8 is a cross-sectional view of the vital part of a cell stack of the fuel cell in Embodiment 1 of the present 
invention. 

FIG. 9 is a front view illustrating a cathode-side of a cathode-side conductive separator member of a fuel cell in 
45 Embodiment 2 of the present invention. 

FIG. 1 0 is a front view illustrating the backside of the cathode-side conductive separator member as shown in FIG. 9. 
FIG. 11 is a front view illustrating the backside of an anode-side conductive separator member of the fuel cell in 
Embodiment 2 of the present invention. 

FIG. 1 2 is a front view illustrating an anode-side of the anode-side conductive separator member as shown in FIG. 
50 11. 

FIG. 13 is a cross-sectional view of the vital part of a cell stack of the fuel cell in Embodiment 2 of the present 
invention. 

FIG. 14 is a cross-sectional view of the vital part of a cell stack of a prior art fuel cell comprising conventional 
separators. 

55 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] The present invention provides a polymer electrolyte fuel cell comprising a plurality of conductive separators 
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one separator comprising: .fuel gas ^^TSSS^ST J^o^siXofttreeeiarator; „ wef. s ide through 
ctusnheltosupplylngtpefue,,^^^ 

-jr^rhtrr^ 

S.« aperture and . coding »«* -^^•^ B ^« I ^-„«*. 

backsides are in contact with each other, „ ha nn*»l for suDDlvinq the fuel gas to the anode 

the anode-side separator member further comprises: . a-"""*"™ through hole and an outlet-side 

n-Wd torture, r.speetivey, which are lonood "^^^SSTISS a cooling water flow eheheel commu- 

outlet-side manifold aperture, , C(MS . f|ow cnan nel for supplying the oxidant gas to the 

the cathode-side separator member further comprises, a 8^™^*^T™ an EJJJde through hole and an 
cathode which is formed on a cathode-side of the cathode-s^e ^^^ f ^™ inlet . s L end and an 

^ ef ' a the respective oxidant gas manifold apertures of the at least one separator communicate with the corresponding 

aperture end a ccoiin, — 2^^ZST--* - — *. - - — 
,he plurality of conduct™. separator compose composing at least a fuel gas 

side seperafon member and '<f^^J^%Z2Z££ Xfcg ZJLw* manifold aperture and 

^^r^pX™rrptr: 

an outlet-side end of the gas flow channel throuah hole and an outlet-side through hole 

.o^^mon^^ 
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member; and an inlet-side connection groove and an outlet-side connection groove for connecting the inlet-side and 
outlet-side through holes for fuel gas of the cathn He-side separator member with the fuel gas in!et-siu£ manifold aperture 
and the fuel gas outlet-side manifold aperture, respectively, which are formed on a cathode-side of the cathode-side 
separator member, 

at least one of the two separator members has, on the backside thereof, a cooling water flow channel commu- 
nicating with the cooling water inlet-side manifold aperture and the cooling water outlet-side manifold aperture such 
that the cooling water flow channel is formed between the two separator members, and 

the respective manifold apertures of the at least one separator communicate with the corresponding manifold 
apertures of each of the two separator members. 

[0021] In still another preferred mode of the conductive separator, the at least one separator further comprises an 
oxidant gas inlet-side manifold aperture and an oxidant gas outlet-side manifold aperture, 

the two separator members further comprise an oxidant gas inlet-side manifold aperture and an oxidant gas 
outlet-side manifold aperture, 

the cathode-side separator member further comprises: a gas flow channel for supplying the oxidant gas to the 
cathode which is formed on the cathode-side; and an inlet-side through hole and an outlet-side through hole for oxidant 
gas penetrating the cathode-side separator member which are formed at an inlet-side end and an outlet-side end of 
the gas flow channel, 

the anode-side separator member further comprises: an inlet-side through hole and an outlet-side through hole 
for oxidant gas communicating with the inlet-side and outlet-side through holes for oxidant gas of the cathode-side 
separator member; and an inlet-side connection groove and an outlet-side connection groove for connecting the inlet- 
side and outlet-side through holes for oxidant gas of the anode-side separator member with the oxidant gas inlet-side 
manifold aperture and the oxidant gas outlet-side manifold aperture, respectively, which are formed on the anode-side, 
and 

the respective oxidant gas manifold apertures of the at least one separator communicate with the corresponding 
oxidant gas manifold apertures of each of the two separator members. 

[0022] It is preferable that the membrane electrode assembly further comprises a gasket covering an outer periphery 
of the anode and the cathode, and that the gasket comprises a fuel gas inlet-side manifold aperture, a fuel gas outlet- 
side manifold aperture, an oxidant gas inlet-side manifold aperture, an oxidant gas outlet-side manifold aperture, a 
cooling water inlet-side manifold aperture, and a cooling water outlet-side manifold aperture, the respective manifold 
apertures of the gasket communicating with the corresponding manifold apertures of each of the two separator mem- 
bers. 

[0023] In the following, embodiments of the present invention will be described with reference to drawings. 



[0024] FIG. 1 is a front view illustrating a membrane electrode assembly (hereinafter referred to as MEA). An MEA 
6 comprises a polymer electrolyte membrane, a cathode and an anode sandwiching the electrolyte membrane, and a 
gasket that is bonded to the periphery of the cathode and anode so as to cover exposed portions of the electrolyte 
membrane. In FIG. 1 , numeral 4 represents an electrode portion, specifically an anode in this case (the backside of 

40 the electrode portion 4 is a cathode), and numeral 5 is a gasket portion. 

[0025] FIGs. 2 and 3 illustrate a conductive separator in accordance with one embodiment of the present invention. 
[0026] A separator 1 0 has, on the periphery corresponding to the gasket portion 5 of the MEA 6, an oxidant gas inlet- 
side manifold aperture 11a, an oxidant gas outlet-side manifold aperture 11b, a fuel gas inlet-side manifold aperture 
1 2a, a fuel gas outlet-side manifold aperture 1 2b, a cooling water inlet-side manifold aperture 1 3a, and a cooling water 

45 outlet-side manifold aperture 13b. 

[0027] The separator 1 0 also has, on a cathode-side, a plurality of gas flow channels 1 4 which are linear and parallel 
to each other for supplying an oxidant gas to a cathode and has, on an anode-side, a plurality of parallel gas flow 
channels 24 for supplying a fuel gas to an anode. The gas flow channels 24 have a serpentine shape that is a combi- 
nation of straight lines and turns. In FIGs. 2 and 3, the portion inside the dashed line and the portion outside the dashed 

so |jne are to come in contact with the electrode portion 4 and the gasket portion 5 of the MEA 6, respectively. 

[0028] The ends of the gas flow channels 1 4 for oxidant gas are located at portions of the separator 10 to come in 
contact with the gasket portion 5 and have through holes 15a and 15b. In order to connect the through holes 15a and 
1 5b with the inlet-side manifold aperture 11a and the outlet-side manifold aperture 11b, respectively, connection grooves 
16a and 16b are provided on the other side of the separator 10, i.e., on the anode-side of the separator 10. 

55 [0029] Similarly, the ends of the gas flow channels 24 for fuel gas are located at portions of the separator 1 0 to come 
in contact with the gasket portion 5 and have through holes 25a and 25b. In order to connect the through holes 25a 
and 25b with the inlet-side manifold aperture 12a and the outlet-side manifold aperture 12b, respectively, connection 
grooves 26a and 26b are provided on the cathode-side of the separator. 



Embodiment 1 



35 
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100301 

1 o interposed therebetween . nasses through the connection grooves 1 6a 

[0031] The oxidant gas supplied separator 10 and reaches 

loaned on the anode-side of the rf se P a ;^ cathode. An excessive gas and a gas 

the gas flow channels 14 formed on the *2?S^l££SZ£ 14 through the through holes 15b penetrat.ng 

;; b 3 t 2 r e T d n S e C r S i supplied to the inlet-side ma^old £ ^J^^^^^S^ 

formed on the cathode-side of t^^^^ 

the gas flow channels 24 formed on the anode-^^^ 

discharged. inductive seDarator member having cooling water flow channels 

oxid.ntgasouti.t-sidem.nito.d.psd^ 

ap.rtute 42b. a cooling water Mat-side mantold »" d e ™ p ? ur , llty 0 , ga, fto » ohanoela 44 for oxidant 

43a and the outlet-s.de manrfold aperture 43b ^tead °ttneg ^ manjfo|d ap6fture 51a an 

[0037] An anode-side conductive separator member 50 has an ox.aan g out let-side manifold 

oxidantgasoutiet-sidemanifo.dape^ 

aperture 52b, a cooling water inlet-s.de man.fold aperture 53a^ and a xoonng o{ ^ ^ 

[0 P 0381 The anode-side conductive separator member "^J^^?^ ^channels 54. In order to 
nels 54 for fuel gas, and has through holes 55a and 55b fomied at the ^nos g outlet . side manifold aperture 
connectthethroughho.es55aand5^wtththe^^ 

52b, respectively, connect.cn 9 ro °^f *^ cooling water flow channels 57, of which ends 

[0039] The separator member 50 also has, on he outlet 9 side manifold aperture 53b. 

directly communicate with the inlet-s.de manifold a ^ ^^^ator membe r 50, combined to each other 
[0040] The cathode-side separator member 40 '^^Mt^SSSSui each other, are inserted between 
with their backsides having the cooling water flow c «nneb_ 47 and 57 ^omact catnode . side separator 

the MEAs. FIG. 8 is a cross-sectional v.ew of separat or 1 0 between the MEAs. 

member 40 and anode-side separator member 50 is ^m***"^""™™ 51 a passes through the connection 
[0041] The oxidant gas supplied to the inlet-s.de ^^^"^^^Zoug^ ho.es45a and reaches 
UvUaformedontheb^ 

grooves 56a formed on the backside of the anode-s.de £P^T2^nd a generated gas pass from the gas flow 
' t0^r™:^ d «.,et WP ,,od,o m a,a r ,do m „ r 

glycol may be used. . comDr i S i ng conventional separators 1 00. The 
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gas manifold aperture 111 and has, on an anode side thereof, a gas flow channel for fuel gas 11 4 communicating with 
a fuel gas manifold aperture. When the cell stack is clamppH in the stacking direction of unit ceJis, a yaskei 5 of an 
MtA 6 may be pressed to fall into the channel 104 in the vicinity of the manifold aperture 111 due to the clamping 
pressure. In this case, the gasket 5 and an adjoining portion of an electrode portion 4 become deformed toward the 
5 channel 104 as shown by the dotted line of FIG. 14, thereby creating a clearance 7 on the anode side between the 
deformed electrode portion 4' and gasket 5' and the adjoining separator 100. In the event that the clearance 7 com- 
municates with the gas flow channel for fuel gas 114, the fuel gas is mixed with the oxidant gas from the manifold 
aperture 111 . 

[0046] To the contrary, in the present invention, the gas flow channel for oxidant gas 14 of the separator 1 0 commu- 
10 nicates with the manifold aperture 11a through the through hole 15a and the connection groove 16a formed on the 
anode-side, as shown in FIG. 8. Even if the MEA is pressed down into the gas flow channel 14, the gasket 5 of the 
MEA is received by the portion of the separator 1 0 without any channel or groove between the through hole 1 5a and 
the manifold aperture 11a. Thus, the gasket 5 does not fall into the gas flow channel for oxidant gas 14 on the cathode 
side of the separator 10 in the vicinity of the manifold aperture 11a, so that such a clearance as to connect the gas 
15 flow channel for fuel gas 24 with the oxidant gas manifold aperture 11a is not created on the anode side between the • 
gasket and the adjoining separator. Further, if another gasket falls into the adjoining connection groove 1 6a commu- 
nicating with the oxidant gas manifold aperture 1 1 a to form a clearance on the cathode side between the gasket and 
the adjoining separator member 40 : the clearance communicates with the oxidant gas manifold aperture or gas flow 
channel for oxidant gas, so that no mixing of the oxidant gas with the fuel gas occurs. 
20 [0047] Although the above paragraph described the case of the gasket failing into the oxidant gas channel, the 
present invention causes no mixing of the oxidant gas with the fuel gas also in the case of the gasket falling into the 
fuel gas channel. 

Embodiment 2 

25 

[0048] The following will describe another embodiment of the cathode-side and anode-side separator members with 
cooling water flow channels. 

[0049] FIGs. 9 and 10 illustrate a cathode-side conductive separator member having cooling water flow channels 
formed on the backside thereof, and FIGs. 11 and 12 illustrate an anode-side conductive separator member having 

30 cooling water flow channels formed on the backside thereof. 

[0050] A cathode-side conductive separator member 60 has an oxidant gas inlet-side manifold aperture 61a, an 
oxidant gas outlet-side manifold aperture 61 b, a fuel gas inlet-side manifold aperture 62a, a fuel gas outlet-side manifold 
aperture 62b, a cooling water inlet-side manifold aperture 63a, and a cooling water outlet-side manifold aperture 63b. 
[0051] The separator member 60 also has, on a cathode side thereof, a plurality of gas flow channels 64 for oxidant 

35 gas, and has through holes 65a and 65b formed at the ends of the gas flow channels 64. The separator member 60 
further has through holes 95a and 95b for fuel gas communicating with through holes for fuel gas 75a and 75b, re- 
spectively, of an anode-side separator member 70 that will be described later. In order to connect the through holes 
95a and 95b for fuel gas with the fuel gas inlet-side manifold aperture 62a and the fuel gas outlet-side manifold aperture 
62b, respectively, the separator member 60 still further has connection grooves for fuel gas 96a and 96b on the cathode- 

40 side. 

[0052] The separator member 60 has, on the backside thereof, serpentine cooling water flow channels 67, of which 
inlet-side end and outlet-side end communicate with the inlet-side manifold aperture 63a and the outlet-side manifold 
aperture 63b, respectively. 

[0053] An anode-side conductive separator member 70 has an oxidant gas inlet-side manifold aperture 71a, an 
45 oxidant gas outlet-side manifold aperture 71 b, a fuel gas inlet-side manifold aperture 72a, a fuel gas outlet-side manifold 
aperture 72b, a cooling water inlet-side manifold aperture 73a, and a cooling water outlet-side manifold aperture 73b. 
[0054] The anode-side conductive separator member 70 also has, on an anode side thereof, a plurality of gas flow 
channels 74 for fuel gas, and has through holes for fuel gal 75a and 75b formed at the ends of the gas flow channels 
74. The separator member 70 further has through holes for oxidant gas 85a and 85b communicating with the through 
so holes for oxidant gas 65a and 65b, respectively, of the cathode-side separator member 60. In order to connect the 
through holes for oxidant gas 85a and 85b with the oxidant gas inlet-side manifold aperture 71a and the oxidant gas 
outlet-side manifold aperture 71 b, respectively, the separator member 70 still further has connection grooves for oxidant 
gas 86a and 86b on the anode side. 

[0055] The separator member 70 has, on the backside thereof, serpentine cooling water flow channels 77, of which 
55 inlet-side end and outlet-side end communicate with the inlet-side manifold aperture 73a and the outlet-side manifold 
aperture 73b, respectively. 

[0056] The cathode-side separator member 60 and the anode-side separator member 70, combined to each other 
with their backsides having the cooling water flow channels 67 and 77 in contact with each other, are inserted between 
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10 



15 



20 



25 



^.--ac^lona,^^ 

grooves 86a formed on the anode-side of the anode-s A^rm ^ a generated gas pass f m 

eooasses through the connection grooves 96e and ,Be » ,rou ^™™. „ A" to the anode. An exceselve gas 

S SSS en the anode-sHe o, jh. ^J^^S S- » and «b and the connect 

The cooling water supplied to lha intet-Side rnannold ap ^ ^.„ ures 636 , nd 73b. In this 
side separator member 70. f th f ue| gas an d the oxidant gas does not occur 

ss jrasssssss^^ — — 60 and anode ' side sep 

Agoing IboLents, they may be formed onty ^J^S^ ME As are laminated, the present in- 
[006% 9 As described abov - * — 9 * ^ C ° n " 

[0063] in the above-described embod.ments a plur^rty o parallel g ^ to ^ numbw «, 

or the fue. gas were formed, but just •"J^^^^,^^ of inlet-side through hole, out.et-s.de 
cooling water flow channel. In the case of one gas , flow ^hanne^ ^ 
through ho te ,in^ 

[0064] in the -^J^2*S5? of the ^trolyte membrane exposed to outside. 



30 



35 



40 



Example 1 t 
[0 066] Aconduct.eca.on Pow- having an a ^ 

Akzochimie in Holland) was allowed to carry plat, nut JJ j> P f jn isopropan0 | was mixed 

7atio of 75:25. which gave an e^ ode <*^^ chemical formula 

withadispersionof perfluorocarbonsu. ^^P^"J^S^thi* carbon fiber nonwoven fabric by screen 
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wherein m =1 , n = 2, x = 5 to 1 3.5, and y = 1 000. 
[0067] A cathode and an anode thus produced were bonded, by hot pressing, to both sides of the center part of a 
hydrogen-ion conductive polymer electrolyte membrane having an area slightly larger than that of the electrode in such 
a manner that each of the printed catalyst layers of the electrodes was in contact with the electrolyte membrane. This 
gave an MEA (membrane electrode assembly). The proton conductive polymer electrolyte membrane used in this 
example was a 25 urn thick thin film of perfluorocarbon sulfonic acid represented by the above-mentioned chemical 
formula wherein m = 2 in this case. The structure of this MEA is shown in FIG. 1 , in which numeral 6 represents the 
M EA, numeral 4 the electrode portion , and numeral 5 the gasket portion arranged on the outer periphery of the electrode 
portion 4. 

[0068] In this example, a polymer electrolyte fuel cell as shown in FIG. 8 was assembled using the separators 10, 
40 and 50 as shown in FIGs. 2 to 7. 

[0069] These separators were produced by processing a plate of isotropic graphite having a thickness of 2 mm, a 
height of 130 mm and a width of 260 mm with the following specifications. The gas flow channels for oxidant gas 14 
and 44 were formed to have a width of about 2 mm and a pitch of 2.9 mm in a 20 cm x 9 cm area at the center of a 
cathode-side of the graphite plate. Similarly, the gas flow channels for fuel gas 24 and 54 were formed to have a 
serpentine shape with the same width and pitch on an anode-side of the plate. The cooling water flow channels 47 
and 57 were produced to have a width of about 2 mm and a pitch of 2.9 mm. 

[0070] In the separator 1 0, the cathode-side gas flow channels 1 4 and anode-side gas flow channels 24 were formed 
with their center lines of the linear part exactly corresponding to each other, in order to prevent excessive shearing 
force from being applied to the electrodes. Also, the combination of the separator members 40 and 50 was inserted 
every two unit cells to provide the polymer electrolyte fuel cell with cooling sections for flowing cooling water therein. 
For forming the cooling sections, two kinds of the separator members 40 and 50 having cooling water flow channels 
were bonded to each other with a sealant (#1211 , Liquid Gasket of Solventless Silicon & Sag Type, manufactured by 
Three Bond Co., Ltd) in such a manner that their sides having the cooling water flow channels faced each other. With 
regard to the gas tightness, the gasket bonded to the MEA was used to air-tightly seal the combination of the separator 
and the MEA, while the sealant, #1211 , was used to air-tightly seal the combination of two separator members. 
[0071] The ME As thus produced were stacked with the above-described separators interposed therebetween to form 
a stack of 50 cells, and the resultant cell stack was clamped with current collector plates, insulating plates and stainless 
steel end plates, using clamping rods with a pressure of 10 kgf/cm 2 . 

[0072] While the resultant polymer electrolyte fuel cell of this example was held at 85 °C, a hydrogen gas humidified 
and heated to have a dew point of 83 °C was supplied to the anode and air humidified and heated to have a dew point 
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orthe use of the combination of the se P a ^ m fl e ^^_ _ as numid ified and heated to have a dew point of 70 C 
polymer electrolyte fuel cell was held at 75 ^'J^^J^^ point of 65 °C was supplied to the cathode, 
was supplied to the anode and air hum.dtf.ed and heated tor have £ a P M ^ of Example 1 . 

Thl results indicate that the fuel cell of this example MEAs are laminated, the present ,n- 

^4, As described at edges of the contacting portion of the con- 

SSlKw. the true spirt andscope of the invent.cn. 



35 

Claims 



40 



45 



50 



55 



A polymer electrolyte fuel cell comprising: 

a means for supplying an oxidant gas to sa.d cathode, 

herein saidpiura.Ky of ^^^^^^^^^^^ 
side manrto.d aperture; a fuel gas outlet ^J**i^W^«^^^ an out,et - side T" 9 , 
said anode which isfom^ed on an anode-s.de of ^ 

no.epenetratingtheseparatorwh.ch connection groove for connect.ng sard ,nfc£ 

for fuel gas; and an '^S^JES^"^L manifold aperture and said fuel gas out.et-s.de 

^n^r^ 

. Thepo^ecWefue^ 

an oxidant gas inlet-side manifold aperture; an ox f^^^^^,*; an inlet-side through hole and an 
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said gas flow channel for oxidant gas; and an inlet-side connection groove and an outlet-side connection groove 
for connecting said inlet-side and outlet-side through hole* with s?Jd oxidant gac iniat-side rnannuiu aperture and 
saia oxidant gas outlet-side manifold aperture, respectively, which are formed on said anode-side. 

The polymer electrolyte fuel cell in accordance with claim 1, 

wherein said at least one separator further comprises a cooling water inlet-side manifold aperture and a 
cooling water outlet-side manifold aperture, 

said plurality of conductive separators comprise a combination of two separator members consisting of an 
anode-side separator member and a cathode-side separator member, each separator member comprising at least 
a fuel gas inlet-side manifold aperture, a fuel gas outlet-side manifold aperture, a cooling water inlet-side manifold 
aperture, and a cooling water outlet-side manifold aperture, said two separator members being combined in such 
a manner that their backsides are in contact with each other, 

said anode-side separator member further comprises: a gas flow channel for supplying the fuel gas to said 
anode which is formed on an anode-side of the anode-side separator member; an inlet-side through hole and an 
outlet-side through hole penetrating the anode-side separator member which are formed at an inlet-side end and 
an outlet-side end of said gas flow channel; and an inlet-side connection groove and an outlet-side connection 
groove for connecting said inlet-side and outlet-side through holes with said fuel gas inlet-side manifold aperture 
and said fuel gas outlet-side manifold aperture, respectively, which are formed on the backside of the anode-side 
separator member, 

at least one of said two separator members has. on the backside thereof, a cooling water flow channel 
communicating with said cooling water inlet-side manifold aperture and said cooling water outlet-side manifold 
aperture such that the cooling water flow channel is formed between said two separator members, and 

said respective manifold apertures of said at least one separator communicate with said corresponding man- 
ifold apertures of each of said two separator members. 

The polymer electrolyte fuel cell in accordance with claim 3, 

wherein said at least one separator further comprises an oxidant gas inlet-side manifold aperture and an 
oxidant gas outlet-side manifold aperture, 

said two separator members further comprise an oxidant gas inlet-side manifold aperture and an oxidant 
gas outlet-side manifold aperture, 

said cathode-side separator member further comprises: a gas flow channel for supplying the oxidant gas to 
said cathode which is formed on a cathode-side of the cathode-side separator member; an inlet-side through hole 
and an outlet-side through hole penetrating the cathode-side separator member which are formed at an inlet-side 
end and an outlet-side end of said gas flow channel; and an inlet-side connection groove and an outlet-side con- 
nection groove for connecting said inlet-side and outlet-side through holes with said oxidant gas inlet-side manifold 
aperture and said oxidant gas outlet-side manifold aperture, respectively, which are formed on the backside of the 
cathode-side separator member, and 

said respective oxidant gas manifold apertures of said at least one separator communicate with said corre- 
sponding oxidant gas manifold apertures of each of said two separator members. 

The polymer electrolyte fuel cell in accordance with claim 1 , 

wherein said at least one separator further comprises a cooling water inlet-side manifold aperture and a 
cooling water outlet-side manifold aperture, 

said plurality of conductive separators comprise a combination of two separator members consisting of an 
anode-side separator member and a cathode-side separator member, each separator member comprising at least 
a fuel gas inlet-side manifold aperture, a fuel gas outlet-side manifold aperture, a cooling water inlet-side manifold 
aperture, and a cooling water outlet-side manifold aperture, said two separator members being combined in such 
a manner that their backsides are in contact with each other, 

said anode-side separator member further comprises: a gas flow channel for supplying the fuel gas to said 
anode which is formed on an anode-side of the anode-side separator member; and an inlet-side through hole and 
an outlet-side through hole for fuel gas penetrating the anode-side separator member which are formed at an inlet- 
side end and an outlet-side end of said gas flow channel, 

said cathode-side separator member further comprises: an inlet-side through hole and an outlet-side through 
hole for fuel gas communicating with said inlet-side and outlet-side through holes for fuel gas of said anode-side 
separator member; and an inlet-side connection groove and an outlet-side connection groove for connecting said 
inlet-side and outlet-side through holes for fuel gas of said cathode-side separator member with said fuel gas inlet- 
side manifold aperture and said fuel gas outlet-side manifold aperture, respectively, which are formed on a cathode- 
side of the cathode-side separator member, 
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communicating with said cooling water .nlet-side ^^*^ u " ^ M0 separator members, and 
ifold apertures of each of said two separator members. 

™ ^^XZZZSttSZ - — 9M mle " SMe min, °' d " an 

ro 'nr^~^uTeV o«npnse a. orfdan, ». «— «— - " 

side end of said gas flow channel, comDr ises- an inlet-side through hole and an outlet-s.de through 

said anode-side separator member further a**""* • " J£ hojes for oxldant gaS of sa.d cath- 

ho.. for oxidant gas communicating an o5.et-s.de connection groove for coo- 

ode-side separator member; and an in et- side connect* n gr ano de-side separator member wrth 

m termed on said •««^J°* mi of sa ld at least one separator oommenicata with sa,d code- 

oxidant gal InW-slde mar** aperture, an ™ d rt a "^XUrtu.e™ald respacdve manifold apaddras ol said 

oxidant gas inlet-side manifold aperture, an ox.dant gas f °"^ e respective manifold apertures of sa.d 

A oondece aerator ,e, a poK^er ^X^^^^—^TTI 

oxidant gas formed on a cathode-side of the separator, an m ""JJ™ C I and an outlet-side end of said gas flow 
foSgas penetrating the separatorwhtehareto^ for oxidant gas pen etrating the 

channel for fuel gas; an in.et-s.de through hole and an ouU« side tn g channei fw oxWant 

fe^rator which are formed at an ^^^^J^S connecting said inlet-side and out.et-s.de 
an inlet-side connection groove and an outlet-s.de connection gn do oxjdant gas outlet . slde 

Through holes for oxidant gas with said oxidant gas '^^^£2 inlet . 8 ide connection groove and an 
SSd aperture, respectively, which are formed or, ^^S^^^through holes for fuel gas with said 

on said cathode-side 



on said cathode-siae. 

« A condoetiva abater tor a po*nw — ^- « -^^"1 SaSS—' 
consSg ot ananode-sida separator member end a dathMMtf. »««™ an <, xiaa „ gas Wet- 
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and a cooling water outlet-side manifold aperture, said two separator members being combined in such a manner 
that their backsides are in contact with each other. 

wherein said anode-side separator member further comprises: a gas flow channel for fuel gas formed on an 
anode-side of the anode-side separator member; an inlet-side through hole and an outlet-side through hole for 
fuel gas penetrating the anode-side separator member which are formed at an inlet-side end and an outlet-side 
end of said gas flow channel for fuel gas; and an inlet-side connection groove and an outlet-side connection groove 
forconnecting said inlet-side and outlet-side through holes for fuel gas with said fuel gas inlet-side manifold aperture 
and said fuel gas outlet-side manifold aperture, respectively, which are formed on the backside of the anode-side 
separator member, 

said cathode-side separator member further comprises: a gas flow channel for oxidant gas formed on a 
cathode-side of the cathode-side separator member; an inlet-side through hole and an outlet-side through hole 
for oxidant gas penetrating the cathode-side separator member which are formed at an inlet-side end and an outlet- 
side end of said gas flow channel for oxidant gas; and an inlet-side connection groove and an outlet-side connection 
groove for connecting said inlet-side and outlet-side through holes for oxidant gas with said oxidant gas inlet-side 
manifold aperture and said oxidant gas outlet-side manifold aperture, respectively, which are formed on the back- 
side of the cathode-side separator member, and 

at least one of said two separator members has : on the backside thereof, a cooling water flow channel 
communicating with said cooling water inlet-side manifold aperture and said cooling water outlet-side manifold 
aperture such that the cooling water flow channel is formed between said two separator members. 

1. A conductive separator for a polymer electrolyte fuel cell, comprising a combination of two separator members 
consisting of an anode-side separator member and a cathode-side separator member, each separator member 
comprising a fuel gas inlet-side manifold aperture, a fuel gas outlet-side manifold aperture, an oxidant gas inlet- 
side manifold aperture, an oxidant gas outlet-side manifold aperture, a cooling water inlet-side manifold aperture, 
and a cooling water outlet-side manifold aperture, said two separator members being combined in such a manner 
that their backsides are in contact with each other, 

wherein said anode-side separator member further comprises: a gas flow channel for fuel gas formed on an 
anode-side of the anode-side separator member; and an inlet-side through hole and an outlet-side through hole 
for fuel gas penetrating the anode-side separator member which are formed at an inlet-side end and an outlet- 
side end of said gas flow channel for fuel gas, 

said cathode-side separator member further comprises: a gas flow channel for oxidant gas formed on a 
cathode-side of the cathode-side separator member; and an inlet-side through hole and an outlet-side through 
hole for oxidant gas penetrating the cathode-side separator member which are formed at an inlet-side end and an 
outlet-side end of said gas flow channel for oxidant gas, 

said anode-side separator member further comprises: an inlet-side through hole and an outlet-side through 
hole for oxidant gas communicating with said inlet-side and outlet-side through holes for oxidant gas of said cath- 
ode-side separator member; and an inlet-side connection groove and an outlet-side connection groove forcon- 
necting said inlet-side and outlet-side through holes for oxidant gas of said anode-side separator member with 
said oxidant gas inlet-side manifold aperture and said oxidant gas outlet-side manifold aperture, respectively, which 
are formed on said anode-side, 

said cathode-side separator member further comprises: an inlet-side through hole and an outlet-side through 
hole for fuel gas communicating with said inlet-side and outlet-side through holes for fuel gas of said anode-side 
separator member; and an inlet-side connection groove and an outlet-side connection groove for connecting said 
inlet-side and outlet-side through holes for fuel gas of said cathode-side separator member with said fuel gas inlet- 
side manifold aperture and said fuel gas outlet-side manifold aperture, respectively, which are formed on said 
cathode-side, and 

at least one of said two separator members has : on the backside thereof, a cooling water flow channel 
communicating with said cooling water inlet-side manifold aperture and said cooling water outlet-side manifold 
aperture such that the cooling water flow channel is formed between said two separator members. 
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FIG. 14 
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